Abstract To assess the cell mediated and mucosal immune responses in chicks to Newcastle disease vaccine, expression levels of certain genes encoding cytokines and chemokines were quantified by q-PCR. The utility of cytokine and chemokine gene expression profile in estimating the cell mediated and humoral immune response has been established. The cell mediated immune response was assessed by quantifying the IFN-c gene expression in splenocytes and compared with colorimetric blastogenesis assay. The mucosal immune response was assessed by quantifying the expression of IL-8, IL1-b, MIP1-b, K60 and K203 in the intestinal cells and compared with IgA ELISA. On 14th day post vaccination, the expression of IFN-c was upregulated by 12-folds in the Group I, which have received oral pellet vaccine and fourfolds in the Group II where birds have received live thermostable vaccine as occulonasal instillation. 3 and 7 days after receiving booster, the same cytokine gene was upregulated by 12-folds and 27-folds respectively in the Group III, where birds have received live thermostable ND vaccine as priming vaccine and oral pellet vaccine as booster. On 21st day post vaccination the expression of IL-8 was upregulated by 42.8-folds in Group I and 3.3-folds in the Group II. The expression of IL-1b was upregulated by eightfolds on 3rd day post vaccination and 23-folds on 21st day post vaccination in Group I. The expression of macrophage inflammatory protein-1b (MIP-1b) was upregulated by 16-folds in Group I and 70-folds in Group II on 14th day post vaccination. No significant change in expression of chemokine genes K60 and K203 in vaccinated birds. The results were comparable with the results of conventional tests and proved the utility of qPCR in estimating the cellular and mucosal immune responses.
Introduction
Newcastle disease (ND) has been reported to be an economically important and highly contagious disease of poultry caused by Newcastle disease virus (NDV), a member of the family Paramyxoviridae [12] . It has been reported that, despite the availability of vaccines, good husbandry practices and biosecurity protocols the disease still remains as a potential threat with regular and severe outbreaks [41] . Hence, control measures are focussed towards regular vaccination and continuous sero-monitoring. Cell mediated immune response (CMI) has been considered to be important for conferring protection following vaccination [22] and responsible for the early protection [3] [9] . However, CMI alone was not reported to be sufficient to protect birds against virulent NDV [27] . Mucosal immune response was also found to be produced in the chickens in both the respiratory and intestinal tracts [5] . In chicken, bile, lachrymal fluid [19] and Harderian gland [34] were found to be major source of IgA [4] . It has also been proved that the mucosal immunity represented by IgA plays an important role in the development of protection in chickens vaccinated against ND vaccine [38] . Measurement of cellular, humoral and mucosal immune response has been reported to improve the understanding of the immune response generated by experimental vaccines. While the techniques to assess the humoral immune response have been well standardized, the techniques commonly used to assess cell mediated and mucosal immune responses like colorimetric blastogenesis assay (CBA) and agglutination reactions respectively are either time consuming, lack sensitivity or the results are not reproducible. Of late, the availability of new technologies like real time quantitative PCR (qPCR) have been reported to be used in the quantification of cytokine mRNA [44] and thus have been a method to determine mechanisms of pathogenesis and immune response [18] . To characterise host response to vaccination, profile of genes whose expression is affected by vaccination is very important. While several studies have been conducted to measure cytokine mRNA using qPCR in many species of animals, such a type of work was found to be very minimal in chickens. In the present study, 3 week old chicken, free of maternal antibodies were vaccinated with two different vaccines and expression of cytokine genes like IFN-c and interleukin-1b and chemokine genes like interleukin-8, macrophage inflammatory protein1b, K60 and K203 were quantified in different time points post vaccination by qPCR with b-actin gene as reference. The cytokine IFN-c is reported to be involved in macrophage activation [6] , inhibition of virus replication [15] [14] [28] [27], augmenting expression of major histocompatibility class I and II antigens (MHC-I and MHC-II) and Fc receptor [8] , class switching of immunoglobulins [43] and tumour control [36] . We have also identified certain cytokine gene namely IL-1b, and chemokine genes like IL-8, MIP-1b, K60 and K203 to assess the mucosal immune response in the present work. IL-8 functions as a chemotactic factor for leukocytes [45] , MIP-1b is involved in activation of acute and chronic inflammatory host responses during infection by recruiting pro-inflammatory cells [39] [24] , K60 function as a chemotactic factor for heterophils [37] and K203 is involved in recruitment of macrophages to site of infection [18] . The importance of these genes in the assessment of immune responses is discussed.
Materials and methods

Vaccines
Two vaccines namely thermostable live Newcastle disease vaccine (D58 strain) and an oral pellet vaccine (D58 strain) were used. They were administered into separate groups of birds on 21st day of age by oral and occulonasal routes respectively. Each bird was administered a dose of 10 6.5 EID 50 /0.1 ml.
Experimental design Chicks (Nandanam B3 broiler variety) with no history of hatchery vaccination were housed in the Centralized Animal House at Madras Veterinary College. They were provided with unmedicated feed and water ad libitum. They were divided into three experimental groups-Group I, Group II and Group III of 12 birds each and one groupGroup IV of unvaccinated control with eight birds. Group I were given the oral pellet vaccine, Group II received live thermostable Newcastle disease vaccine as occulonasal instillation and Group III received live thermostable Newcastle disease vaccine as occulonasal instillation followed by oral pellet vaccine on 21st day post vaccination as booster. Group IV was maintained as unvaccinated controls.
Sampling
Samples for the assessment of gene expression and IgA ELISA namely spleen, intestine (caecal tonsils), intestinal washings, bile [33] , tracheal washings, lachrymal fluid [42] and Harderian gland [2] were collected from both vaccinated and unvaccinated control on 0, 3, 7, 14, 21, 24 and 28 days post vaccination. The peripheral lymphocytes were collected from blood, purified [29] and used for CBA.
Extraction of tissue RNA and cDNA synthesis RNA was extracted from cells of spleen and intestine using TRIZOL (Cat # 15596018, Invitrogen) as per the manufacture's instruction and the concentration was estimated at 260/280 Å using spectrophotometer (Biophotometer Plus, Eppendorf) [35] .
The synthesis of cDNA was carried out with *400 ng of total RNA using cDNA synthesis kit (Cat # K1612, Fermentas) following manufacturer's instruction. For each gene, 10 ll cDNA was synthesized using random hexamer. The cDNA was quantified, diluted to have a final concentration of 100 ng/ll and used.
Primers
The primers used for the amplification of cellular/cytokine genes are provided as supplementary material.
Quantitative real time PCR and gene expression data analysis
Quantitative PCR (qPCR) was carried out using SYBR Ò Green (Cat # 4309155, TaKaRa) following the manufacturer's instruction in a real time thermocycler (Mastercycler Ò Eprealplex, model # 22331, Eppendorf). The qPCR conditions included an initial denaturation at 94°C for 3 mins followed by 45 cycles of three temperature (denaturation 94°C for 15 s, annealing for 20 s as per temperature mentioned in the above table for respective genes and extension at 72°C for 20 s) and final extension at 72°C for 5 mins followed by a melting curve analysis. The fold increase/decrease in expression of cellular/cytokine genes in response to vaccines was estimated by relative standard curve method [21] . Briefly, the Ct values were transformed into ''Sample ng'' by applying the following formula after estimating the slope and intercept using mean Ct values obtained from standards.
Sample ng ð Þ ¼ 10
Then the sample ng values were normalised with endogenous gene control (b actin) by applying the formula
The expression ratio is obtained by dividing the sample signal that is normalised to the endogenous control to control sample signal that is normalised to the endogenous control.
The expression percentage is obtained by the following formula
Colorimetric blastogenesis assay Colorimetric blastogenesis assay [29] was carried out to estimate the CMI response, which was also used to validate qPCR results. The CMI response was reported as stimulation index (SI) whereas SI = (Mean absorbance of stimulated culture) -(Mean absorbance of unstimulated culture)/Mean absorbance of unstimulated culture.
Indirect ELISA for IgA Indirect ELISA [13] [40] was performed to estimate IgA response. The optimum dilutions of coating antigen (purified NDV), samples and conjugate were determined by checkerboard titration [31] . The optimum dilution of coating antigen and conjugate were 5 ng/ll and 1:5,000 respectively. Bile, lachrymal fluid was used in 1:1,000 dilution and intestinal washings, tracheal washings and Harderian gland was used in 1:10 dilution.
Results
Cell mediated immune response
In the present study, the CMI response was assessed using qPCR for the quantification of IFN-c gene. As a comparative measure, results have been compared with CBA. The expression of IFN-c was upregulated by 12-folds from 14th day post vaccination in the Group I, which have received oral pellet OC2  3C  7C  14C  21C  24C  28C  3G1  7G1  14G1  21G1  24G1  28G1  3G2  7G2  14G2  21G2  24G2  28G2  24G3  28G3 Expression %
Groups and Expression Ɵme points in days post vaccinaƟon (C-Unvaccinated control; G1 -Oral pellet vaccine, G2-Live thermostable vaccine
G3 -Live thermostable with oral pellet as booster) Table 3 .
Discussion
Both cellular and humoral immune responses were reported to play an important role in both the respiratory and intestinal tracts [5] in the host defense against NDV [16] [29] [30] . However, estimation of these are difficult due to limited sensitivity and poor reproducibility of many assays. Hence, in the present study was contemplated to study these responses by quantifying the expression of genes responsible for them. Of the methods used to study the expression of genes, qPCR has been reported to be a sensitive assay. It is used to study the CMI response against cancer antigens [10] , to study the mucosal immune response to Eimera tenella and Eimeria maxima [18] , to find out the immunogenicity of virulent and vaccine ND viruses [32] , to find out in vivo and in vitro transcriptional response against ND [7] [17] [26] and to find out the suitability of chicken line for strong immune response against ND [1] . However, to the extent possible to us, we could not come across a paper dealing with utility of qPCR in quantification of response of genes of certain cytokines and chemokines and comparing it with conventional test used for assessment of mucosal immune response and literature on utility of this test in estimating the CMI is also minimal. On perusal of literature, upregulation of IFN-c gene and its association with CMI has been established against many pathogens including NDV [32] [7] [26] and infectious bursal disease virus (IBDV) [25] . In the present study, the SI values were comparable with the fold increase in expression of IFN-c gene. This proves the utility of estimating the expression of IFN-c gene in quantifying the CMI response. Variations observed in SI values could be due to limited sensitivity of CBA. Further, the CBA test could not identify the increase in CMI 3rd and 7th day post booster vaccine in Group III. This could be due to the poor sensitivity of CBA. The absence of variation in expression of IFN-c gene makes this test better than CBA. Unlike adaptive immune responses like cellular and humoral, quantification of mucosal immune response is difficult due to poor sensitivity of tests used and lack of IgA mediated anamnestic response. The IgA ELISA has been reported to be the simplest assay in assessing mucosal immune response. However, this test has been reported to be able to detect IgA response efficiently in bile and intestine only [13] . Further, the response was interpreted in terms of increase in optical density (OD) values and not in titres. Hence as an alternative, we have attempted to quantify certain cytokine genes responsible for local response in intestinal cells using qPCR. On perusal of literature, we could identify the utility of qPCR in the quantification of mucosal immune response against Eimeria tenella and Eimeria maxima [18] and not against any other organism. The available literature pertaining to NDV [32] [7] [26] mostly discussed the transcription profile or the ability of virulent NDV to induce strong upregulation of certain cytokine genes. IL-8 has been reported to be a member of groups of small structurally related cytokines with chemotactic activity for specific leukocyte types [45] . This chemokine has been reported to be an avian orthologue for human IL-8 and has been termed as chicken chemotactic and angiogenic factor (CAF) [23] . Two functions have been associated with this chemokine namely increase in influx of heterophils [11] and initiation of wound healing cascade in vivo [23] . Hence, the upregulation of this gene in the present study is an indication of the influx of heterophils and initiation of wound healing cascade and mitogenicity of fibroblasts. Though the influx of heterophils can damage intestinal epithelium, it could not be so in this case as the upregulation was only on 14th day post vaccination and not earlier than that. The birds were apparently normal during this with no signs of diarrhoea or others. Hence, it could be attributed that influx of heterophils mediated by this chemokine is a beneficial feature in chicken in removal of NDV that replicate in epithelium. It could also be attributed that initiation of wound healing cascade and mitogenesis of fibroblasts are also beneficial to the chicken.
It has been reported that chicken IL-1b, an activator of immune system in an acute phase response is functionally similar to mammalian IL-1b. An increase in expression has been reported to attract macrophages and T lymphocytes. Induction of macrophages and T lymphocytes are essential in stimulation of immune response as the former is a good antigen presenting cell (APC) and the latter is an important factor converted to Th1 or Th2 cells. In the present study, elevation of this cytokine was reported in Group I, which has received oral pellet vaccine and not in Group II. This could be due to the simple fact that Group II birds have received vaccine as occulonasal instillation. The initial increase of eightfolds on day 3 and 23-folds on day 21 is clear indication of induction of immune response in intestine. Same type results have been observed 7th day post infection in Eimeria infection [18] .
Macrophage inflammatory proteins have been reported to be responsible for eliciting immune response. They have been reported to be produced by all cells including T and B lymphocytes. Further they have also been reported to increase production of other cytokines namely tumor necrosis factor a (TNF-a), interleukin-1b (IL-1b) and interferon-Gamma (IFN-c). They have also been reported to have chemotactic for monocytes, dendritic cells and natural killer (NK) cells. Hence, it could be concluded that upregulation of this gene in intestinal mucosa is important in eliciting immune response locally. In the present study also strong upregulation up to the extent of 16-folds was observed on day 14th post vaccination in Group I. Interestingly, during same time point, Group II, despite of receiving vaccine through occulonasal route has shown strong upregulation of 70-folds. Hence it could be concluded that the vaccine causes upregulation of MIP-1b irrespective of route of inoculation and produces strong pro-inflammatory response which are essential to produce immune response locally.
The chemokines K60 and K203 are CXC and CC chemokines respectively and have been reported to have the function of chemo-attractivity towards heterophils and macrophages respectively. In the present study, K60 and K203 chemokines were more or less constantly expressed. Same finding was also reported by [26] , whereas, upregulation of K203 was reported on 7th day of Eimeria infection [14] . Though these two genes were not upregulated, it could be concluded that the development of immune response may not be affected as the other cytokine like, IL1b and chemokines like IL-8, and MIP-1b could strongly attract heterophils, monocytes and lymphocytes to sites of viral replication. The upregulation of K203 in Group III post booster could be due to fact that in chicken, IL-1b and IFN-c induces the upregulation of K203 [37] . In the present study, IgA ELISA has been performed with bile, intestinal wash, tracheal wash, Harderian gland and lachrymal fluid. Though, the test could identify the presence of IgA in all these samples, only in bile and intestinal wash in the group vaccinated with oral pellet vaccine (Group I) significant increase in OD values could be observed. Whereas, in all other time points in Group I and in other groups in all time points the increase in OD value was not significant. This could be due to the poor sensitivity of IgA ELISA. The earlier workers have reported the same and the same test in their experiments could detect IgA response efficiently in bile and intestine only [13] [40] . No significant increase in the OD value could be observed days 3, 7 after booster. Though the main purpose of the study was to assess the cell mediated and mucosal immune response, assessment of humoral response was also performed as a comparative measure (data not provided). Hence, the results of humoral response are not discussed.
In the present study we could clearly establish the utility of qPCR in estimating the mucosal immune. This test could overcome the drawbacks mentioned for IgA ELISA. The reliability of qPCR is certainly better as the estimation of immune response could be compared with the genes responsible for the same. 
